Abstract It is important to know the mechanism of cell membrane fluctuation because it can be readout for the nanomechanical interaction between cytoskeleton and plasma membrane. Traditional techniques, however, have drawbacks such as probe contact with the cell surface, complicate analysis, and limit spatial and temporal resolution. In this study, we developed a new system for non-contact measurement of nano-scale localized-cell surface dynamics using modified-scanning ion-conductance microscopy. With 2 nm resolution, we determined that endothelial cells have local membrane fluctuations of ~20 nm, actin depolymerization causes increase in fluctuation amplitude, and ATP depletion abolishes all membrane fluctuations.
Introduction
Thermally [1] [2] [3] [4] [5] and actively [6] [7] driven cell membrane fluctuations are known to be readouts for the nanomechanical interaction between the cortical cytoskeleton and the plasma membrane and the membrane fluctuation is also strongly determined by the mechanical properties of the cell cytoskeleton and cortical actin filaments [8] [9] [10] [11] [12] . It is important to know the mechanism of cell membrane fluctuation because it may play a role in lipid-protein interaction. Some studies have reported that ATP plays an important role in membrane fluctuation. For example, in red blood cells, membrane fluctuations increase as the amount of ATP increase [13, 14] . These membrane fluctuations have been revealed by using atomic force microscopy [15] , light scattering [14] and optical trapping techniques [16] , but the measurement and interpretation of cell membrane fluctuations by these traditional techniques are quite complex.
Scanning ion conductance microscopy(SICM)
consists of micropipette probe which filled with electrolyte [17] . As the tip of the micropipette approaches the sample, the ion current decreases since the gap is reduced. By monitoring the ion current, the distance between pipette tip and sample keep constant by applying corresponding voltages to the Z-piezo drive during the scanning procedure. Therefore, the path of the tip follows the contours of the sample surface.
In this study, we developed a new system for non-contact measurement of nano-scale localizedcell surface dynamics using modified-scanning ion-conductance microscopy [18] [19] [20] . To position micropipette probe near to the cell surface, we used the ion current like the SICM. However, instead of using scanning mode after the probe positioning, we introduced a new mode which allowed measuring the local membrane fluctuations by monitoring the ion current fluctuations or 
Methods

Cell Culture
Bovine aortic endothelial cells(BAECs) were cultured onto a one-well, chambered #1 coverglass in Dulbecco's modified eagle medium (DMEM) supplemented with 2 mM L-glutamine, 50 units/ml penicillin, 50 mg/ml streptomycin, 1 mM sodium pytruvate, and 10% fetal calf serum (FCS) and maintained at 37 o C in a gas mixture of 95% air and 5% CO2.
Experimental Setup
The system was comprised of nano-electrode 
Results
Finite Element Model (FEM) Simulation
Results
To From at certain distance, cleft resistance increase as cleft size decrease, and simulation result fits well to the experimental one. This graph was used to estimate the distance between cell surface and tip and also used later to convert resistance to distance.
Test System Resolution
Frist, we test the system resolution. To do that, we applied sinusoidal waveform into piezo stage with 2 and 5 nm of amplitude. △h is the sine wave amplitude of stage movement. Fig.   3A shows the good match between stage movement and cleft resistance trace. From Fig.   3B , we found that 2 nm movement is detectable with our system. 
ATP Depletion Abolishes All Membrane Fluctuations
Finally, we test the role of ATP using ATP depletion agent. We found that ATP depletion abolished all membrane fluctuations. This is because ATP depletion stiffened cytoskeleton. 
